OPTICAL CONNECTOR MODULE 


B A CKGROUND O F THE I NVEN TIO N 

Field of the Invention 

This invention relates to an optical connector 
module, and more particularly to an optical connector 
module for connecting between a transmission/reception 
source circuit and an optical fiber. 

Prior Art 

When signals are transmitted through an optical 
fiber, an optical connector module is usually used 
which has an optical waveguide interposed between a 
transmission/reception source circuit for transmitting 
and receiving the signals and the optical fiber. An 
example of a conventional optical connector module of 
this kind is Illustrated in FIG. 5. 

The optical connector module is comprised of an 
optical transmission/reception wafer lOOx, an optical 
waveguide- side connector 200x, an optical fiber-side 
connector 400, and a coupling/fixing member for 
coupling and fixing the optical transmission/reception 
wafer lOOx and the optical waveguide -side connector 
200x to each other. Detailed description of these 
components will be given hereafter. 

First, the optical transmission/reception wafer 
lOOx includes an optical transmission/reception section 
110 that is formed by arranging a light -emit ting device 
111, such as a light -emitting diode (LED), a laser 
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diode (LD), or the like, which serves as an optical 
transmission end, and a light-rec iving device 112, 
such as a photodlode (PD), which serves as an optical 
reception end, at respective predetermined locations 
thereof, and is connected to a transmission/reception 
source circuit, not shown, and markers 140 arranged 
forward of the optical transmission/reception end of 
the light-emitting device 111 and the light -receiving 
device 112* 

Next, the optical waveguide- side connector 200x 
includes an optical waveguide wafer 21 Ox, connector 
guide pins 220, and a pin -fixing member 230. The 
optical waveguide wafer 210x is comprised of an optical 
waveguide 211 having an optical transmission/reception 
end face thereof disposed on one end face of the 
optical waveguide wafer 210x, for optical transmission 
and reception to and from the optical transmission/ 
reception section 110 of the optical transmission/ 
reception wafer lOOx, and an optical connection end 
face thereof disposed on the other end face of the 
optical waveguide wafer 210x, for optical connection to 
an optical fiber 500, guide pin-receiving V-grooves 
212x with a V-shaped cross -section, formed on both 
sides of the optical waveguide 211 and toward the other 
end face of the optical waveguide wafer 210x, and 
markers 214 provided at respective locations on the 
both sides of the optical waveguide 211 and toward the 
one end face of the optical waveguide wafer 210x, which 
correspond in position to the markers 140 of the lOOx. 
The connector guide pins 220 are arranged and held In 
the guide pin-receiving V-grooves 212x, respectively. 
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suoh that they protrude from the other end f aoe of the 
optical waveguide wafer 210x by a preset length. The 
pin -fixing member 230 fixes the oonneotor guide pins 
220 to the optical waveguide wafer 210x In a state In 
which the connector guide pins 220 are arranged and 
held in the guide pin-receiving V-grooves 212x, 
respectively. 

Further, the optical fiber- side connector 400 has 
the optical fiber 500 disposed and fixedly held therein 
such that an optical connection end face of the optical 
fiber 500 is disposed on a connection end face 
(indicated by broken lines in FIG. 5) of the connector 
400 for connection to the optical waveguide -side 
connector 200x, whereby when the protruding portions of 
the connector guide pins 220 are Inserted into guide 
pin -inserting holes (indicated by broken lines in FIG. 
5) opening in the above-mentioned connection end face 
to couple the optical fiber-side connector 400 to the 
optical waveguide -side connector 200x, the optical 
fiber 500 is connected to the optical waveguide 211. 

Furthermore, the optical waveguide -side connector 
200x and the optical transmission/reception wafer lOOx 
are connected to each other by flip chip bonding, in 
which they are joined through registration of the 
markers 214 on the underside of the optical waveguide 
wafer 210x with the markers 140 on the top of the 
optical transmission/reception wafer lOOx. At this 
time, optical transmission/ reception surfaces of the 
light -emitting device 111 and the light -receiving 
device 112 of the optical transmission/reception 
section 110 and the optical transmission/reception end 


4 


fac of the optical waveguid 211 are also registered 
with each other . 

The conventional optical connector module 
described above is configured such that through 
registration and joining of the markers 140 formed on 
the top of the optical transmission/reception wafer 
10 Ox and the markers 214 on the underside of the 
optical waveguide wafer 210x, by flip chip bonding, the 
optical transmission/reception surfaces of the light - 
emitting device 111 and the light -receiving device 112 
of the optical transmission/reception section 110 and 
the optical transmission/reception end face of the 
optical waveguide 211 are positioned with respect to 
each other. Therefore, the conventional optical 
connector module suffers the problem of difficulty of 
registering the markers 140 and 214 with each other, 
and what is worse, there is a fear of misregistration 
occurring between the wafers when they are connected to 
each other . 

SU MMA RY O F T H E I N VEN TION 

It is an object of the present Invention to 
provide an optical connector module which facilitates 
registration between an optical transmission/reception 
wafer and an optical waveguide wafer thereof , and 
prevents misregistration between an optical 
transmission/reception surface of an optical 
transmission/reception section and an optical 
transmission/reception surface of an optical waveguide 
thereof when the wafers are connected to each other. 
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To attain the above object, the present invention 
provides an optical connector module for connecting 
between a transmission/reception source circuit and an 
optical fiber, comprising: 

an optical transmission/reception wafer including 
an optical transmission/reception section that is 
formed such that an optical transmission/reception end 
thereof is disposed at a predetermined location and is 
connected to the transmission/reception source circuit, 
and a first V- groove formed at a location preset in 
association with the optical transmission/reception end 
of the optical transmission/reception section such that 
the first V- groove has a V-shaped cross -section; 

an optical waveguide- side connector including an 
optical waveguide wafer, and a connector guide pin, the 
optical waveguide wafer including an optical waveguide 
formed such that the optical waveguide has an optical 
transmission/reception end face thereof disposed on one 
end face of the optical waveguide wafer in association 
with the optical transmission/reception end of the 
optical transmission/reception section, and an optical 
connection end face thereof disposed on the other end 
face of the optical waveguide wafer, and that the 
optical waveguide provides optical connection between 
the optical transmission/reception end face and the 
optical connection end face, and a second V- groove 
formed in the optical waveguide wafer at a location 
corresponding in position to the first V- groove of the 
optical transmlsslon/r ception wafer, such that the 
second V-groove has a V-shap d oross-s otion, the 
connector guide pin being fixedly held in the optical 
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waveguide wafer such that the ponneotor guide pin 
protrudes from the other nd face of the optical 
waveguide wafer by a preset length; 

an wafer registration guide pin Inserted between 
the first V- groove of the optical transmission/ 
reception wafer and the second V- groove of the optical 
waveguide wafer, and sandwiched by the first V-groove 
of the optical transmission/reception wafer and the 
second V-groove of the optical waveguide wafer, for 
positioning and fixing the wafers, when the wafers are 
brought close to each other for interconnection, 
thereby registering the optical transmission/reception 
end of the optical transmission/reception section and 
the optical transmission/reception end face of the 
optical waveguide, of the wafers, with each other; 

a wafer interconnecting/fixing member for 
connecting and fixedly holding the optical 
transmission/reception wafer and the optical waveguide 
wafer; and 

an optical fiber-side connector for fixedly 
holding the optical fiber such that an optical 
connection end face of the optical fiber is disposed on 
one end face thereof, the optical fiber-side connector 
having a guide pin- inserting hole formed at a location 
corresponding in position to the connector guide pin of 
the optical waveguide -side connector, the optical 
fiber- side connector being connected to the optical 
waveguide -side connector by inserting the connector 
guide pin into the guide pin-insertlhg hole, thereby 
connecting the optical connection end face of the 
optical fiber to the optical connection end face of the 


optical waveguide. 

According to this optical connector module, the 
wafer registration guide pin is Inserted into the 
associated first and second V-grooves of the optical 
transmission/reception wafer and the optical waveguide 
wafer, and the wafers are brought close to each other 
for interconnection and held in a manner fixed to each 
other. Through these very simple and easy operations, 
it is possible to accurately register the optical 
transmission/reception end face of the optical 
waveguide and the optical transmission/reception end of 
the optical transmission/reception section with each 
other, and prevent misregistration when the wafers are 
connected to each other. 

Preferably, the second V- groove of the optical 
waveguide -side connector comprises a connector guide 
pin- receiving V- groove formed in the optical waveguide 
wafer, for receiving the connector guide pin to fixedly 
hold the connector guide pin therein, and a wafer 
registration guide pin receiving V- groove formed in the 
optical waveguide wafer at a location along an 
extension line from the connector guide pin-receiving 
V- groove, integrally with the connector guide pin- 
receiving V-groove, for receiving the wafer 
registration guide pin to fixedly hold the wafer 
registration guide pin therein. 

More preferably, the connector guide pin of the 
optical waveguide -side connector and the wafer 
registration guide pin are integrally formed with each 
other, and disposed and fixedly held in the second V- 
groove of the optical waveguide wafer. 
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Preferably . the optical transmission/reception 
wafer has a first orthogonal V- groove formed in a 
direction orthogonal to the first V-groove, for wafer 
registration, and the optical waveguide -side connector 
has a second orthogonal V-groove formed therein at a 
location corresponding in position to the first 
orthogonal V-groove of the optical transmission/ 
reception wafer, for wafer registration, the wafer 
registration guide pin comprising a first wafer 
registration guide pin sandwiched between the first V- 
groove and the second V-groove, and a second wafer 
registration guide pin sandwiched between the first 
orthogonal V-groove and the second orthogonal V-groove. 

More preferably, the optical transmission/ 
reception wafer has a first orthogonal V-groove formed 
in a direction orthogonal to the first V-groove, for 
wafer registration, and the optical waveguide -side 
connector has a second orthogonal V-groove formed 
therein at a location corresponding in position to the 
first orthogonal V-groove of the optical transmission/ 
reception wafer, for wafer registration, the wafer 
registration guide pin comprising a first wafer 
registration guide pin sandwiched between the first V- 
groove and the wafer registration guide pin-receiving 
V-groove, and a second wafer registration guide pin 
sandwiched between the first orthogonal V-groove and 
the second orthogonal V-groove. 

More preferably, the first wafer registration 
guide pin and the second wafer registration guide pin 
are configured to have different diameters, and the 
first and second V- grooves and the first and second 
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orthogonal V- grooves are configured to have different 
dimensions according to the respective dif f rent 
diameters of the first wafer registration guide pin and 
the second wafer registration guide pin. 

Preferably , the second V- groove comprises two 
second V- grooves formed on both sides of the optical 
waveguide first V- groove, respectively, the first V- 
groove comprising two first V- grooves formed in 
association with the two second V- grooves, respectively, 
the connector guide pin comprising two connector guide 
pins, and the wafer registration guide pin comprising 
two wafer registration guide pins. 

The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description taken 
in conjunction with the accompanying drawings. 

BRIEF DE SC RI P T IO N O F THE DRA WINGS 

FIG. 1 is an exploded perspective view of an 
optical connector module according to a first 
embodiment of the present Invention; 

FIG. 2 is an exploded perspective view of an 
optical connector module according to a second 
embodiment of the present invention; 

FIG. 3 is an exploded perspective view of an 
optical connector module according to a third 
embodiment of the present invention; 

FIG. 4 is an exploded perspective view of an 
optical conneiotor module according to a fourth 
embodiment of the pres nt invention; and 


10 


FIG. 5 Is an exploded perspective view showing an 
example of a conventional optical connector module. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Next, the present invention will now be described 
in detail with reference to drawings showing preferred 
embodiments thereof. 

FIG. 1 is an exploded perspective view of an 
optical connector module according to a first 
embodiment of the present invention. The optical 
connector module according to the first embodiment is 
comprised of an optical transmission/reception wafer 
100, an optical waveguide- side connector 200, wafer 
registration guide pins 300, an optical fiber-side 
connector 400, and a wafer interconnecting/fixing 
member 600. Details of these components will be 
described hereinafter. 

First, the optical transmission/reception wafer 
100 includes an optical transmission/reception section 
110 that is formed by arranging a light -emitting device 
111, such as a light -emitting diode (LED), a laser 
diode (LD), or the like, which serves as an optical 
transmission end, and a light -receiving device 112, 
such as a photodlode (PD) , which serves as an optical 
reception end, at respective predetermined locations 
thereof , and is connected to a transmission/reception 
source circuit, not shown, and two guide pin-receiving 
V- grooves 120 with a V-shaped cross -section, formed in 
opposite side portions of the optical transmission/ 
reception section 110, at respective locations forward 
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of an optical transmission/reception end of the light - 
emitting device 111 and the light -receiving device 112. 

Next, the optical waveguide -side connector 200 is 
comprised of an optical waveguide wafer 210, connector 
guide pins 220, and a pin-fixing member 230. The 
optical waveguide wafer 210 includes an optical 
waveguide 211 having an optical transmission/reception 
end face thereof disposed on one end face of the 
optical waveguide wafer 210 in association with the 
optical transmission/reception end of the optical 
transmission/reception section 110, for optical 
transmission/reception to and from the optical 
transmission/reception section 110, and an optical 
connection end face thereof disposed on the other end 
face of the optical waveguide wafer 210, for optical 
connection to an optical fiber 500, such that the 
optical waveguide 211 provides optical connection 
between the optical transmission/reception end face and 
the optical connection end face, and guide pin- 
receiving V-grooves 212 with a V-shaped cross-section, 
formed in respective portions of the optical waveguide 
wafer 210 along opposite sides of the optical waveguide 
211, which correspond in position to the guide pin- 
receiving V-grooves 120 of the optical 
transmission/reception wafer 100, and in respective 
portions of optical waveguide wafer 210 along extension 
lines from the portions corresponding In position to 
the guide pin-receiving V-grooves 120. The connector 
guide pins 220 are rec ived in r speotive portions of 
the guide pin-receiving V-grooves 212:, toward the other 
end face of the optical waveguide wafer 210, such that 
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they protrude from the other end face of the optical 
waveguide wafer 210 by a preset 1 ngth. The pin-fixing 
member 230 fixedly holds the connector guide pins 220 
in the optical waveguide wafer 210 in a state in which 
the connector guide pins 220 are received in the guide 
pin-receiving V-grooves 212 , respectively. 

Next, the wafer registration guide pins 300 are 
inserted between the guide pin-receiving V-grooves 120 
of the optical transmission/reception wafer 100, and 
portions of the guide pin-receiving V-grooves 212 of 
the optical waveguide wafer 210, corresponding in 
position to the guide pin-receiving V-grooves 120, and 
when the optical transmission/reception wafer 100 and 
the optical waveguide wafer 210 are brought close to 
each other for interconnection, the wafer registration 
guide pins 300 are sandwiched by the guide pin- 
receiving V-grooves 120, 212 of these wafers (100, 210) 
for positioning and fixing of the wafers (100, 210), 
thereby effecting registration between the optical 
transmission/reception end of the optical 
transmission/reception section 110 of the wafer 100, 
and the optical transmission/reception end face of the 
optical waveguide 211 of the wafer 210. 

The optical fiber- side connector 400 has same 
construction as that of the optical fiber- side 
connector 400 of the prior art described above. The 
protruding portions of the connector guide pins 220 of 
the optical waveguide -side connector 200 are inserted 
into guide pin-inserting holes of the optical fiber- 
side connector 400, wher by the optical waveguide -side 
connector 200 and th optical fiber-side connector 400 
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are coupled with aoh other, to thereby conneot the 
optical connection end face of the optical fiber 500 to 
the optical connection end face of the optical 
waveguide 211. 

It should be noted that the wafer 
interconnecting/fixing member 600 brings the optical 
transmission/reception wafer 100 and the optical 
waveguide wafer 210 close to each other for 
interconnection and holding them in a manner fixed to 
each other. 

In the first embodiment, the wafer registration 
guide pins 300 have such a diameter that enables the 
guide pins 300 to be tightly sandwiched by the guide 
pin - receiving V- grooves 120, 212 of the optical 
transmission/reception wafer 100 and the optical 
waveguide wafer 210, when the wafers 100 and 210 are 
brought close to each other for interconnection. 
Therefore, when the optical transmission/reception 
wafer 100 and the optical waveguide wafer 210 are 
brought close and bonded to each other to thereby 
sandwich the guide pins 300 by the V-grooves (120, 212), 
the relative position of the wafers (100, 210) is 
uniquely determined with respect to a direction 
orthogonal to the central axes of the wafer 
registration guide pins 300. 

Therefore, if the positions and dimensions of the 
guide pin-receiving V-grooves 120, 212, and the 
dimension and the like of the wafer registration guide 
pins 300 are geometrically determined such that the 
optical transmisslon/rec ption nd face of th optical 
transmission/reception section 110 and that of the 
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optical waveguide 211 are positioned to respective 
locations opposed to each other, the positional 
relationship between the optical transmission/reception 
wafer 100 and the optical waveguide wafer 210 is 
uniquely determined simply by bringing the wafers close 
to each other for interconnection, whereby it is 
possible to accurately register the optical 
transmission/reception end of the optical 
transmission/reception section 110 and the optical 
transmission/reception end face of the optical 
waveguide 211 with each other. 

More specifically, in the above first embodiment, 
the wafer registration guide pins 300 are inserted 
respectively between the guide pin -receiving V-grodves 
120 of the optical transmission/reception wafer 100 and 
the guide pin-reoelving V-grooves 212 of the optical 
waveguide wafer 210, and these wafers (100, 210) are 
brought close for interconnection and held in a manner 
fixed to each other. Through these very simple and 
easy operations, it is possible to accurately register 
the optical transmission/reception end of the optical 
transmission/reception section 110 and the optical 
transmission/reception end face of the optical 
waveguide 211 with each other, and what is more, 
misregistration of the wafers cannot occur when they 
are connected to each other. 

FIG. 2 is an exploded perspective view of an 
optical connector module according to a second 
embodiment of the present invention. 

The second embodiment is distinguished from the 
first embodiment described abov in that the connector 
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guide pins 220 of the optical waveguide -side connector 
200 and the wafer registration guide pins 300 in the 
first embodiment are Integrally formed with each other 
to form guide pins 240, respectively , and the guide 
pins 240 are received in guide pin-receiving V-grooves 
212 of an optical waveguide wafer 210, with connector 
guide pin -corresponding portions of the guide pins 240 
being fixedly held by a pin-fixing member 230, thus 
forming an optical waveguide -side connector 200a. 

According to the second embodiment, since each 
connector guide pin and each wafer registration guide 
pin are Integrally formed with each other and contained 
in the optical waveguide -side connector 200a, there is 
no need to handle the wafer registration guide pins as 
single separate elements as in the case of the first 
embodiment, and therefore has the advantage of 
simplified and facilitated operation of interconnecting 
the optical transmission/reception wafer 100 and the 
optical waveguide wafer 210. It should be noted that 
the other advantageous effects provided by the second 
embodiment are the same as those obtained by the first 
embodiment. 

FIG. 3 is an exploded perspective view of an 
optical connector module according to a third 
embodiment of the present invention. 

This embodiment is distinguished from the above 
second embodiment in which the guide pins 240 and the 
guide pin-receiving V-grooves 120, 212 for sandwiching 
the guide pins 240 are arranged along opposite sides of 
the optical waveguide 211, In that there are provided 
not only guide pins 240a disposed along opposite sides 
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of an optical waveguide 211, and guide pin-receiving V- 
grooves 120a, 212a for sandwiching the guide pins 240a, 
but also guide pin-receiving V-grooves 130, 213 which 
are formed orthogonal to the guide pin- receiving V- 
grooves 120a, 212a, thus forming an optical 
transmission/reception wafer 100a and an optical 
waveguide wafer 210a, with an additional member of an 
wafer registration guide pin 350 for being sandwiched 
by the guide pin-receiving V-grooves 130, 213. 

The above arrangement and configuration provides 
the advantageous effects of being capable of uniquely 
controlling not only mutual positions of an optical 
transmission/reception end of an optical transmission/ 
reception section 110 and an optical transmission/ 
reception end face of the optical waveguide 211, with 
respect to the optical axes, but also the distance 
between the end faces and the abutted state thereof, 
and thereby controlling the connected state of the end 
faces. 

It should be noted that the other advantageous 
effects provided by the third embodiment are the same 
as those obtained by the second embodiment. 

FIG. 4 is an exploded perspective view of an 
optical connector module according to a fourth 
embodiment of the present invention. 

In the fourth embodiment, the integrally- formed 
guide pins 240a in the third embodiment are divided 
into connector guide pins 220 and wafer registration 
guide pins 300a, as in the first mbodiment. The 
arrangement and configuration make it possible to use 
th wafer registration guide pins 300a having a 
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diameter different from that of the cpnneotor guide 
pins 220, which provides the advantages effect of being 
capable of controlling registration accuracy, wafer 
interconnection accuracy, and so forth. 

Further, similarly, it is also possible to 
control registration accuracy, wafer Interconnection 
accuracy, and so forth, based on a diameter of the 
wafer registration guide pin 350 orthogonal to the 
wafer registration guide pins 300a. The other 
advantageous effects provided by the fourth embodiment 
are the same as those obtained by the third embodiment. 

It is further understood by those skilled in the 
art that the foregoing are the preferred embodiments of 
the present invention, and that various changes and 
modification may be made thereto without departing from 
the spirit and scope thereof. 


